The dynamical breaking of gauge symmetry in the supersymmetric quantum electrodynamics in three-dimensional spacetime is studied at two-loop approximation. At this level, the effective superpotential is evaluated in a supersymmetric phase. At one-loop order, we observe a generation of the Chern-Simons term due to a parity violating term present in the classical action. At two-loop order, the scalar background superfield acquires a nonvanishing vacuum expectation value, generating a mass term A α A α through Coleman-Weinberg mechanism. It is observed that the mass of gauge superfield is predominantly an effect of the topological Chern-Simons term.
mass at two-loop order. The main goal of the present work is to study it in the case of SQED 3 . To do this, the tadpole equation of the model is studied and a Kählerian-like effective potential [7, 8] (where no derivatives applied in external superfields are considered) is obtained through the tadpole method [9, 10, 11] in a phase where supersymmetry is manifest.
II. EFFECTIVE SUPERPOTENTIAL IN SQED 3
The starting point is to define the SQED 3 action
where W α = (1/2)D β D α A β is the Maxwell's field strength and ∇ α = (D α − ieA α ) is the supercovariant derivative. The conventions and notations are adopted to be as in [12] .
The action above, Eq. (1), is invariant under the following infinitesimal gauge transformations:
This model does not reveal a spontaneous generation of mass to the gauge superfield at tree level like happens in Ref. [13] , but we can consider that the superfield Φ (Φ) acquire a constant real vacuum expectation value (VEV) ϕ/ √ 2 and study a possible dynamical breaking of the gauge symmetry of the model, where ϕ is interpreted as a classical background superfield. Let us emphasize that no derivatives over ϕ will be considered, in the spirit of the Kählerian effective potential [7, 8] .
This assumption allows us to write the superfield Φ (Φ) as
where Φ 1 and Φ 2 are real scalar superfields with vanishing VEV those possess the following infinitesimal gauge transformations:
Thus, the action in terms of the real quantum superfields with vanishing VEV is given by
In order to quantize and eliminate the mixing between the superfields A α and Φ 2 that appears in the last term of Eq. (5), we will use an R ξ gauge fixing plus the corresponding Faddeev-Popov term, introduced through the action
Therefore, the propagators obtained from Eq.(5+6) are given by
where the index j = 1, 2 is related with the indexes of the real superfields Φ 1 and Φ 2 , and
The minimum of the classical superpotential constraint ϕ is zero. Now, let us evaluate radiative corrections to the classical superpotential using the tadpole method. To understand how we can do that, let us remind that the effective action Γ[φ cl ] and the 1PI functions are related, in particular with the tadpole diagrams, by
therefore, integrating the above expression for zero external momentum, the effective potential can be determined from tadpole diagrams as
where (V T ) is the volume of spacetime, and φ cl is a constant background field.
The one-loop corrections to the tadpole equation are shown in Fig.1 . The diagram 1(a) is given
where the first and the last terms are vanishing because δ 2 (θ − θ) = 0. So, the Γ 1(a) contribution
where we use the properties
The contribution of 1(b), the diagram involving the superpropagator of ghosts, is
that is exactly the "minus" gauge superfield contribution, cancelling the one-loop tadpole equation.
Even so the classical action does not possess a Chern-Simons term, it can be generated by quantum corrections at one-loop order. This happens because in the classical action there is a parity violating term, the mass of matter superfield. The corresponding mathematical expression can be cast as
where
It is important to note that the order of generated Chern-Simons term is e 2 , and no correction at two or more loops is expected [14] . It is well known that Chern-Simons term provides a gauge invariant topological mass to the Maxwell's theory, and this term will be important to analyze the mass of the gauge superfield at two-loop order.
Since the one-loop tadpole equation is vanishing, let us continue searching for a possible Coleman-Weinberg mechanism at two-loop order. Fig.2(f) is vanishing, while the other diagrams, apart from a
The diagram
Γ 2(e) = −i e 4 ϕ 8
where M 2 A = e 2 ϕ 2 /2 and M 2 c = α 2 e 4 ϕ 4 /4. To perform the integrals, regularization by dimensional reduction [15] was used, and therefore µ is the mass scale introduced by this regularization scheme.
The two-loop D-algebra calculations were made with the help of a MATHEMATICA c package [16] .
